INTRODUCTION
Chocolate mass can be produced in two ways: using a standard or traditional manufacturing process (1, 2) and using the unconventional one in a ball mill (3, 4) . The traditional process includes: mixing of raw materials, refining in a five-roller mill, conching, tempering, moulding and final crystallization, and it has been well known and used in unaltered form for the last 150 years (5) . Present-day trend of manufacturing rationalization has resulted in introducing a new method which combines the first two phases of the traditional process: conching and refining. A ball mill consists of a vertical or a horizontal double-wall cylinder with hot water flowing between them (6). In the central part of the cylinder there is a paddle mixer that operates at the speed of 50-70 rpm. The balls, i.e. the refining medium fill up to 60-80% of the cylinder. The balls are usually made of stainless steel or any other material used in the food industry. The mill must be provided with the mass recirculation system. The chocolate mass with constant recirculation goes through a thick layer of rotating balls, in the process of which the particles are constantly refined and subjected to shear force and friction. The speed of mass recirculation is 3-6 kg/min. The time of refining and processing of one loading is 90-120 minutes. The advantages of manufacturing chocolate in a ball mill in comparison with the conventional manufacturing process are reduced costs of maintenance, workforce, production and initial costs.
Ball mills are constantly improved, so that the chocolate could have suitable sensory and rheological properties. Mazzeti company has created a ball mill with a container for storing chocolate mass that is equipped with a thin layer evaporator, which in addition to refining also enables the correction of chocolate mass viscosity and taste (7). Duyvis Wiener company has created "Taste Changer" for eliminating unwanted moisture and volatile acids. According to this procedure, heated dry air is added to the chocolate mass under pressure and controlled flow rate. Dry air takes over moisture and volatile acids, while the increased temperature causes volume expansion of cocoa butter which in this way coats solid particles more easily and contributes to the improvement of the chocolate mass rheological properties (8, 9) .
After being manufactured in a ball mill, the chocolate mass is tempered, moulded and hardened through final crystallization. Tempering or pre-crystallization is favourable for the creation of crystallization centres within a stable crystal form, which results in a product having good physical and sensory properties (10) .
Chocolate hardness is one of the most important factors in defining physical properties of this product and it is determined by the measuring intensity of the force required for chocolate crushing. Chocolate hardness depends on the refinement of solid particles as well as on their distribution by size (11) . Chocolate sensory properties are also an unavoidable factor in determining the consumers' acceptance of this product (12) .
EXPERIMENTAL

Material
The raw materials used for chocolate production included: cocoa butter (Theobroma, Amsterdam), cocoa liquor (Cargill), medium-grain sugar (Crvenka AD, Serbia), whole milk powder (total fat 25%, proteins 28% and carbohydrates 37% ) -Imlek, Serbia, skimmed milk powder (total fat 1%, proteins 35% and carbohydrates 51 %) -Imlek, Serbia, hazelnut paste (total fat 25%, proteins 28% and carbohydrates 37% ) -Arslanturk, Turkey, Ethylvanilin (FCC, Norway), soya lecithin with a minimum insoluble content of 65% in acetone (Soyaprotein AD, Serbia), polyglycerol polyricinoleate or PGPR (Danisco, Malaysia) and SM-chocolate mass produced by standard manufacturing process (Jaffa, Srbija).
Methods
Production of chocolate mass in a ball mill. The chocolate was manufactured in a laboratory ball mill with a homogenizer (capacity 5 kg), of a domestic manufacturer. All raw materials were added to the homogenizer exept for the 10% of cacao butter. The mixing time was 20 minutes. After mixing, the mass was transfered into the ball mill. The milling time was 90 minutes and the remaining quantity of the cacao butter was added in the 80th minute. The diametar of the balls in the mill is 9.1 mm and the rotation speed of mixer is 50 rpm.The ball mill is equipped with the mass-circulation system, with a speed of 10 kg/hour. The internal diameter of the ball mill is 0.250 m, and the height is 0.31 m. The volume of the space provided for balls and 5 kg of chocolate mass is 0.0152 m 3 . Chemical analyses. The basic chemical composition is determined using standard AOACC methods (13) , as shown in Table 1 . Production of the chocolate mass using standard manufacturing process. The chocolate mass manufactured in a standard way is mixed in a melanger for about 20 minutes (with one half amount of the cocoa butter and emulsifier) and then refined in a five-roller mill and conched. The remaining amount of cocoa butter is added while conching. Conching lasted for 12 hours, after which the remaining amount of emulsifier is added and the process is continued for another 6 hours.
Pre-crystallization of the chocolate mass. Pre-crystallization of the chocolate mass is performed in the laboratory precrystallizer -a modified Brabender farinograph (14) . The process of pre-crystallization is controlled indirectly by the changes of the mass resistance on the occasion of mixing, which is registered on a force/time diagram -the thermoreogram. The following pre-crystallization temperatures were applied: 26 o C, 28 o C and 30 o C for both chocolate masses. Symbols used in the work. Symbols of the chocolate masses used in work are listed in Table 2 .
Determination of chocolate hardness. The determination of the chocolate textural properties was performed using Texture Analyser following the original method 3-Point Bending Rig HDP/3PB. Working conditions were: measuring cell 5 kg; temperature 20 o C; speed of cylindrical sonde before the analysis: 1.0 mm/s; speed of cylindrical sonde during the analysis: 3.0 mm/s; speed of cylindrical sonde after the analysis: 10.0 mm/s; distance: 40 mm; texture measuring was performed on 3 repeated occasions, after seven days of stabilization of the manufactured chocolate. The subject of the measurement was the intensity of force used to crush the chocolate. Sensory analysis. A committee of 6 members scored from 1 to 5 the following quality parameters: appearance, structure, chewing, taste and smell. The obtained scores of these parameters were multiplied by a defined coefficient of importance (14) , and the category of quality was defined on the basis of the total number of points. The chocolate samples were analysed seven days after their stabilization.
Statistical analyses. The results of measuring hardness and the total number of pondered points were processed by statistical testing for significant difference between two means using t-test at the significance threshold of 95%, α On the basis of obtained experimental -real (z e ) and theoretical -expected values (z t ) the following statistical parameters were calculated: the standard error of the regression σ, p and t-values, the coefficient of determination and analysis of variance for the selected regression expression.
The standard error of the regression is defined by the following relation:
The calculation of the coefficient of determination (r 2 ) solved to determine the discrepancy between the experimental and the theoretical values. 
